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[37] ABSTRACT

Opposed U-shaped magnetic cores together providing

a magnetic circult are arranged in a vertical plane with
cooperating legs of the U-shaped cores extending ver-

tically. The lower U-shaped core is fixed to the frame
to which inductive windings surrounding the vertical
legs are also mounted. The upper core is supported on
& movable member slidable up and down in a vertical
directional along a track on the frame in order to open
and close the air gaps between the U-shaped core
members within the winding surrounding the vertical
legs. Actuator means on the frame connects the frame
and the movable support means and consists of a
driven crank and an articulated linkage. The actuators
are preferably employed with a common drive means
to drive the cranks synchronously through a symmetri-

cal drive structure.
9 Clalms, 14 Drawing Flgures
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VARIABLE INDUCTIVE REACTOR

The prescent invention relates to a variable inductive
reactor and more specifically relates to an inductive re-
actor having movable core portions such that the
movement allows variation of air gaps in the magnetic
circuit. Novel actuator means provides a simple rcli-
able repcatable means of moving the separable core
members apart and back togcther.

In the prior art, inductive rcactors having a magnetic
core in which an air gap can be varied upon demand
have been used for various types of test apphcations.
Such devices for power applications are subject to ¢x-
tremecly high magnetic forces and have required mas-
sive cores and sturdy frames to support them as well as
strong mechanisms to pull the magnetic cores apart
when a air gap must be changed. An cxample of the

problem and one solution of a genceral type using screw

elements to drive the cores apart is shown in U.S. Pat.
Nos. 3,609,614 and 3,703,692. Drives of this type have
low efficiency and usually require a rclatively long time
to make the gap change. By contrast the present inven-
tion provides a means which will efficiently operate 1o
vary the gap when it is needed and which pcrmits clos-
ing of the gap using magnetic and gravitational force.

More specifically, the present invention relates to a
variable inductive reactor having a pair of laminated

iron core members, each having at least a portion of

gencrally U-shape, the legs of which are opposed and
together define a magnetic circuit, said corc means
being separable to providc air gaps in the mugnetic cir-

cuit between opposed legs. The frame supports one of

said corc members and the coil means is supported on
the frame in position to surround at least one said op-
posed legs at the air gap, thereby to provide the vari-
able inductive rcactor. Movable support means is pro-
vided for the other said corc member and the movable
support means has a slidable cooperative relationship
with thc frame whereby movement is restricted to a
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predetermined fixed and rcpetitive path producing an 40

opening of the air gap in one direction und a closing of
the air gap in the other direction of movement. Actua-
tor means acts between the frame and the support
means to produce such movement and includes a pair
of symmetrically arranged crank clements connected
to articulated linkages, Drive means is provided to
move the cranks in synchronism between predeter-
mined positions providing presclected alternative corc
positions.

Preferably, in the variable inductive reactor, the
frame supports onc of the cores with its legs extending
generally vertically upwardly and a pair of coils arc
provided, which together constitute the coll means, onc
of the coils surrounding cach of the legs. The movable
support means is preferably slidable along a lincar ver-
tical path relative to the frame and the cranks turn in
opposite directions in an essentially common plane
about parallel axes. Preferably, also, the drive mecans is
a common motor means operating through similar cou-
pling through each crank.

For a better understanding of the prescent invention,
reference is made to the accompunying drawings, In
which:

FIG. 1 is a front clevationsl view of a preferred em-
bodiment of thc variable inductive reactor or trans-
former of the present invention partially in section and
showing some of the construction in phantom;
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FIG. 2 15 a plan view from above taken along linc
2—2 of FIG. 1;

FIG. 3 is a side clevational view taken along linge 3—3
of FIG. 1;

FIG. 4 15 a scctional view taken along line 4—4 of
FIG. 1;

FIG. § is a schematic diagram showing schematically
a prior art a.c. insulation test circuit;

FIG. 6a represents a modified prior art test circuit;

FIG. 64 is a phasor diagram usecful in interpreting re-
sults of the use of the circuit of FIG. 64,

FIG. 7a 1s a schematic a.c. insulation test circuit ar-
rangement employing the present invention;

FIG. 76 1s a current diagram representing operation
of the circuit of FIG, 7a,

FIG. 8 is a diagram of a modified circuit for another
type of a.c. insulation test system In accordance with
the present invention.

FIG. 9 1s a diagram of a further modified circuit;

FIG. 10 is a diagram of another modified circuit;

FIG. 11 15 a diagrammatic view showing various
stages in the movement of the actuator means of the
structure of FIGS. 1-4; and

FIG. 12 is a graphical representation of gap motion
and gap velocity in a structure made in accordance
with FIGS. 1-4 and 11.

Referring first to the structure shown in FIGS. 1-4,
the device illustrated is a preferred embodiment of a
variable inductive reactor in accordance with the pres-
ent invention. In order to better visualize the structure,
certain conventional structural details such as a means
of fastening parts of the frame together or the frame
and other structure to other pieces have been omitted.
For the sake of clarity, dashed lines have been used to
show location of hidden structure.

The variable inductive reactor ts basically an electri-
cal coil or winding, sometimes referred to as coil means
and in this case consisting of two coils 10a and 105, sur-
rounding a magnctic core gencrally designated 12 and
consisting of a pair of laminated core members 124 and
1256 of general U-shape. Coil means as used herecin may
broadly include a single or multiple windings surround-
ing one or both legs of the cores. The windings around
the respective legs may, for example, be connected 1n
series or in parallel or to provide windings of a trans-
former. The coils 104 and 106 and the core member
12a are supported on a frame generally designated 14,
The other core member 125 is fixed to and movable
with movable support means 16. Support means 16 has
a slidable cooperative relationship with the frame
whereby movement is restricted to predetermined fixed
and repetitive path. The movable support means moves
from the position shown in full lines to a position shown
in dot-and-dash lines. Movement into the position
shown in dot-and-dash lines by the movable support
means draws the iron core member 120 to open an air
gap which is represented by the space between a plane
12¢ between the faces of the opposcd legs of the U-core
members and a position, 12d, shown in dot-and-dash
lines which represents the bottom of the legs of the
movable corc member 126 in its upper position. It will
be observed that the core members together form a
hollow rectangle with square corners, in the embodi-
ment illustrated. While cach of the core members is of
similar U-shaped form, the lower fixed core member
mounted on the frame 14 with the legs of the U extend-
ing vertically upward has shorter legs than the U of the
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movable core 12b. The movable core 12b 1s oriented so
that its longer legs mecet squarely with the legs of core
12« normally in closed position at plane 12¢ so that o
minimum air gap exists. The design 1s such that ¢ven
when the air gap is at its maximum opening, the bottom
of movable core 12b has the bottoms 124 of 1ts legs sull
within the coils 10a¢ and 10b so that the gap 1s entirely
within the coil structure in the preferred embodiment.

A pair of similar actuator members, gencrally desig-
nated 18, consists of a pair of symmetrically arranged
crank elements 204 and 20b pivotally connected by
parallel horizontal pins 224 and 225 to articulated link-
ages 244 and 24h. The linkages 24a and 24b arce pivot-
ally connected by pins 26a and 264 to the movable sup-
port means 16. The cranks 20¢ and 206 arce supported
on and driven by horizontal drive shafts 28q and 285
which arc rotatably supported in gear boxes 30« and
30h and. in turn, mounted on the support frame. It will
be observed that the pin connections 22a and 22h and
264 and 265 are all parallel to each other and parallcl
to the drive shafts 28« and 28) and generally perpen-
dicular to the planes in which the core structure lies.

Drive is supplied through suitable motor means 32
supported on the frame. In the embodiment shown, the
motor is located between the two cranks with its dnive
shaft parallel to the shafts 284 and 284 of the cranks
and the aforementioned pins and is provided with a
dual takcoff, as best seen in FIG. 2, through gear box
34 which provides coaxial shafts 364 and 364 cxtending
in opposite dircctions and supporting respectively
sprocket wheels 38« and 38b. These sprocket wheels
turn drive chains 40q¢ and 40b which engage sprocket
wheels 42q and 42b supported on shafts 44a and 44b of
gcar boxes 30a and 305h, shafts 444 and 445b being paral-
lc] to shafts 36¢ and 365h. |

The frame which supports the structure in this em-
bodiment is typically constructed of suitable structural
steel shapes such as [-beams, channcls, and the like. A
pair of horizontal I-beams 48« and 48b at opposite ends
of the width of the machinc extend a sufficient dis-
tance, fore and aft of the core members to give stabihty
to the frame. The {eet in turn support a hollow square
frame consisting of a pair of vertical I-beams 50« and
505 fixed together at their top ¢dges by similar honizon-
tully arranged channcls arranged back to back but
spaced apart the width of the 1-beams members 32 and
at the bottom edges by similarly arranged horizontally
channel members 54. Four generally triangular flanged
braces 86 cxtend between cach of the vertical frame
members 50« and 506 and the fore and aft portions of
their respective feet 484 and 48h. A pair of closcly
spaced parallel I-bcams 584 and $8b are supported hor-
izontally, perpendicular to the channels 52 and, in turn,
provide a platform for support of the housing of motor
gear box 34 to which the housing of motor 32 1s at-
tached and thereby supported. At the outer cdges of
the channels 582, and parallel to the I-beams 38«¢ and
§8h, are a pair of channels 60¢ and 60b sct on one
flange so that thc other flunge is at the same height
above the channels 52 to complete the platform for and
support the other edges of the gear boxes 30a and 30b.
The channel 88u and 585 respectively provide the sup-
port for the other edge of said gear boxes.

The movable support means 16 preferably consists of
channel members 62 arranged back-to-back but spuced
apart the width of the laminated core 125, as best seen
in FIG. 4. The structure is held with proper spacing by
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the usc of spacer members 62 on the opposite sides of
the core structure between the laminae of the core and
the channel members 64, The channel members are ar-
ranged back-to-back and held together with suitable
bolts or clumping members 66 and whatever auxiliary
structure is necessary to hold the core in proper posti-
tion. The channel members 64 bracket the I-beams 50«
and 50b at their opposite ends and arc provided with
bearing slide surfaces 68 which run on tracks 70 of suit-
able low friction material fixed to the upright lI-beams
S80a and 505 of the frame. The slide arrangement pro-
vides a suitable track for repetitive movement of the
upper core member from the position shown in full
lincs in FIG. 1 to the position shown in dashed lines 1n
that figure and then back to closed position.

Suitable coupling members 72 for connecting the
channels 64 supporting the movable core portion to the
linkages 24a and 24b are bolted to the upper flanges of
the channcls. The linkages themselves may be provided
with length adjustment clements which permit by
minor adjustment compensation for tolecrances and
small structural inaccuracies encountered in manufac-
turing or in usc of the cquipment.

In order to better appreciate an important function
of the inductive rcactor of the present invention some
buckground of its use in a system of a.c. testing of insu-
lators is helpful. Furthermore, it seems desirable to
contrast the prior art in this field with application of the
present invention.

The present trend of clectrical distribution and trans-
mission is toward the increasingly wide use of subterra-
ncan cable. In addition, the voltages at which distribu-
tion and transmission are accomplished continues to
mcrease. Since these cables consist of one or more con-
ductors surrounded by a dielectric medium, the whole
cncased in a conductive shield or “ground™ conductor,
it will be scen that a cable is actually an example of that
clectrical parameter known as capacitance and 1s capa-
ble of storing large amounts of electrostatic energy.
Subterranean distribution places severe demands upon
the reliability of the installed cable and requires careful
testing at voltages above those at which the cable 1s to
be operated. The trend toward increasing operating
voltages in electrical gencration also produces similar
problems with generator insulation.

Historically, a.c. insulation systcms have been tested
by the usce of a variable voltage device and a step-up
transformer as illustrated in the schematic circuit dia-
eram FIG. §. In this circuit alternating current energy
is introduced from the mains, 80 and 82, into a variable
voltage device 84, such as a variable autotransformer
or induction regulator. The output of the variable volt-
age device is then introduced into the primary winding
of a fixed-ratio step-up transformer 86, whose secon-
dary output leads 88 and 90 are connccted across the
insulation system to be tested 92. The limitations of this
system lie in the requirement that both the mains 80
and 82 and the variable voltage device 84 must be ca-
pable of furnishing the total encrgy required for the
test. Since test energy is proportional to the square of
test voltage, the previously discussed trend toward 1in-
creased operating voltuage caused energy requirements
to outstrip the ability to economically produce variable
voltage devices.

In order to overcome this obstacle a series resonant
system had been developed by Ferranti and widely em-
ployed about a quarter century ago. A variation of this
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method was described by Peschel in US. Pat. No.
3,.515,986. A circuit for performing this method is illus-
trated in FIG. 64. Alternating current encrgy 1s intro-
duced, via mains 94 and 96 to vanable voltage device
98. A variable inductance 100 is connected in series
with the test object 102 and the magnitude of inductive
rcactance is adjusted until it cquals the capacitive reac-
tance of the test object 102, The Ferranti technigue ac-
complishes multiphcation of the input voltage, E, as
shown in the phasor diagram FIG. 6h. By this meuns,
the energy capability of the mains and the variable volt-
age device need be only large enough to supply the
losses of the circuit, predominantly centered in the
variable inductor. A quality factor Q, may be defined
as the ratio of reactive energy to power, or

B I
C=TF = T

The Ferranti system has scveral disadvantages. First,
in order to generate any output voltage greater than E,
it is nccessary that the system be loaded with some
value of capacitance that falls within the range of the
variable inductor. Sccond, the magnitude of test volt-
age, E,., is dependent upon the magnitude of both Q
and E. If Q is made large in order to obtain a favorable.
ratio of output to input encrgy, small instabilities in the
setting of the variable inductor can result in dramatic
changes in the value of E,.

A technique in accordance with the present inven-
tion which may be designated as purallel resonance 1s
illustrated in FIG. 7. In this method, the variable induc-
tor 104, is connccted in parallel with the test object
106, via leads 108 and 119, in paralle]l with the variable
voltage divider 116. The voltage supply through mains
112 and 114 to the variable voltage divider 116 re-
mains essentially the same. 1t will be seen that, when
the variable inductor 104 is adjusted so that its reac-
tance equals the capacitive reactince of the test object
106, the only current that need be supphied s that cur-
rent, |, which is in phase with the supply voltage, E, as
required to supply the losses, largely centered in the
vartable inductor. It will be noted that the test voltage
is identical to the voltage applied to the combination
and is therefore independent of tuning of the reactor,
104. Instabilitics in tuning of the variable inductor will
result in changes only in the amount of current, I,
which is drawn from the mains and will leave the mag-
nitude of test voltage unchanged. When the parallel in-
ductive reactance and capacitance reactance are equal,
the current is minimum. Therefore, setting of the van-
able inductor may be monitored by observing supply
current I as the inductance is varied and leaving the set-
ting at that position which produces minimum supply
current out of the variable voltage supply.

In addition to the combination shown in FIG. 7, it 18
possible to provide combinations of windings and taps
sO as to permit various configurations of the parallel
resonant technique. In FIG. 8, which identified like
parts to those cmployed in FIG. 7 with the sume num-
ber designator plus the addition of primes, the vanable
inductor 104’ is tapped at 118 and the inductor 1s oper-
ated as an autotransformer. By this means, a fixed ratio,
N, of output to input voltage is established depending
upon the ratio of the total number of turns 1n the reac-
tor to the number of turns between tap 118 and lead
110°; thus, test voltage is still independent of Q. This
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configuration permits the use of a much lower mains
voltage than is required for the configuration shown tn
FIG. 7. The procedure in setting the inductance again
involves monitoring supply current 1 until the reso-
nance produces a minimum |.

Another technique for multiplication of input voltage
exclusive of tuning 1s shown in FIG. 9 wherein input
voltages from mains 120 and 122 1s supplied through by
variable voltage device 124, This circuit employs a con-
ventional transformer 126, capable of dclivering the
full encrgy required for the test. Just as in the prior art
of FIG. §, such a transtormer accomplishes voltage
multiplication by its turn ratio, N, the ratio of the num-
ber of turns on the secondary, or output, winding to the
number of turns on the primary, or input winding.
When the variable inductor 128 is connected across the
input winding, as shown in FIG. 9, and adjusted to the
correct value, the variable voltage device need only
supply the losses of the combination, largely centered
in the variable inductor 128, and high voltage trans-
former 126. This combination has the advantage of
permitting a low mains voltage and a test voltage which
1s independent of the value of Q or the sctting of the
variable inductor 128. In addition, by virtuc of the insu-
lation between windings of the high voltage test trans-
former, it permits complete electrical 1solation of the
power input circuit and the high voltage test circuit.

FIG. 10 shows still another device in which variable
inductor £32 i1s a transformer. An independent low
voltage winding is employed in the variable inductor in
such a fashion that the windings are clectrically insu-
Jated but share a common magnetic core, For example
winding 134 and 140 may be separate windings of a
transformer. In this case the primary 134, or low volt-
age, winding and the variable voltage device 136 necd
only be capable of handhing the current required for
supplying the losses in the circutt. The secondary wind-
mg 140 ot the variable rcactor, 132 must be able to
withstand the high voltage cxperienced by the capact-

tance load 138. The technigque for setting the varnable

inductive reactor again involves adjustment while ob-
serving the supply current and stopping at the mmi-
mum current,

FIG. 11 diagrammatically shows the action of crank
20b upon linkage 24h as the crank 1s driven in clock-
wisc rotation from the position as viewed in FIG. 1. The
direction of rotation is tllustrated by a circular pattern
through a portion of which pins 226 and 22a respcec-
tively move. While the upper position of the movable
support member and the core member 126, with the
core in its position of maximum withdrawal, have been
shown in phantom in FIG. 1, the corresponding posi-
tion of the actuators has not been shown lest it cause
confusion. However, in FIG. 2 the position of the actu-
ators for maximum retraction of the core from the coils
is shown in dashed lines so that their relative positions
may be compared. FIG. 11 then gives a schematic view
corresponding to that of FIG. I showing several of the
successive positions of pin 22b and the arcuate pattern
the pin follows between extreme positions of the actua-
tor. Incidentally, when the gap 15 4 minimum, one limit
of the structure is obtained. Since the core tends to pull
together by magnetic force, including residual mag-
netic forces, as well as gravity, there 1s no problem
about providing a stop or limit for this ¢nd of the mo-
tion. Motion in the other direction, however, must be
stopped or limited, and this may be done by providing
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limit switches which stop the motor means when the ul-
timate position has been obtained.

It is a requirement of the design to provide a great
mechanical advantage in the mechanism used to pull
the core members apart because great forces arc In-
volved in movement and in holding the core in any se-
lected position. The gear boxes 30a and 30b, for exam-
ple, may employ worm gears or other effectively “one
way'' mechanisms permitting easy drive but resisting
gravity and other forces tending to move the core with-
out drive. The structurc of the present invention pro-
vides the grcat advantage of providing maximum force
with minimum movement when the cores are first
moved apart and thercafter moving toward a situation
in which the force provided is less and the distance
moved is greater. However, it will be observed in FIG.
12 that the gap motion in terms of time can be made
almost uniform throughout a large portion of its travel
using the structure of the present invention. This 1s true
even though the velocity at which the gap is varied is
initially very low and accelerates to a highcr level, fi-
nally dropping off as 100 percent of the movement is
achieved, as shown by the dashed curve marked gap ve-
locity in FIG. 12. These curves are intended to be typi-
cal of the conditions existing in structures of the type
illustrated.

While but a single embodiment of the variable induc-

tive rcactor of the present invention has been illus-
trated, it will be clear to those skilled in the art that ad-

ditional embodiments will be possible within the scope
of claims. The structure involved is a very specific type
of structure designed to overcome problems encoun-
tered in the prior art. Nevertheless, modifications
within the teaching of the present invention are possi-
ble and intended to be within the scope and the spirit
of the claims which are appended hereto.

Furthermore, the method of the present invention 1s
applicable to structures other than these claimed
herein, although such structures are preferred. In ac-
cordance with the method of the present invention any
suitable variable inductive reactor may be employed
provided that it is capable of being suitably adjusted
and able to be set in a selected adjustment and retain
that adjustment for a test period.

We claim:
1. A variable inductive reactor comprising,

a pair of laminated iron core members, each having
at least a portion of generally U-shape, the legs of
which are opposed and together define a magnetic
circuit, said core members being separable to pro-
vide air gaps in the magnetic circuit between the
opposed legs,

a frame supporting one of said core members,

coil means supported on said frame and positioned to
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surround at least one of said opposcd legs at the air
gap, thereby to provide a variable inductive reac-
tor,

movable support means for supporting the other of
said corc members having a slidable cooperative
relationship with said frame whereby movement is
restricted to a predetermined fixed and repetitive
path producing an opening of the air gap in one di-
rection and a closing of the air gap in the other di-
rection of movement,

actuator means acting between the frame and the
support means to produce such movement and in-

cluding a pair of symmetrically arranged crank ele-
ments connected to articulated linkages, and

drive means to move the cranks in synchronism be-
tween predetermined positions providing prese-
lected alternative core positions.

2, The variable inductive reactor of claim 1 in which
the frame supports one of said core members so that its
legs extend generally in the direction of motion and at
least one electrical winding is provided to surround
each of said legs, said windings together constituting
the coil means, the movable support means is slidably
movable along a linear path relative to the frame by
which movement parallel air gaps between the legs of
the corc members are opened or closed and the cranks
turn in opposite directions about parallel axes.

3. The variable inductive reactor of claim 2 in which
the drive means is a motor means operating through
similar coupling means to drive each crank.

4. The variable inductive reactor of claim 3 in which
the common motor means has its shaft parailel to the
shafts of the cranks and supplies drive through at least
two similar gear boxes.

§. The variable inductive reactor of claim 4 in which
the common motor means is located between the
cranks and has a dual takeoff arranged to drive
sprocket wheels engaging parallel chain drives which,
in turn, drive sprocket wheels on similar gear boxes
connecting the drive shafts of the respective cranks.

6. The variable inductive reactor of claim 2 in which
the coil means includes at least two windings providing
a transformer action due to magnetic coupling through
said core means.

7. The variable inductive reactor of claim 6 in which
each of the two windings surrounds separate legs of the
core.

8. The variable inductive reactor of claim 2 in which

the windings around the respective legs are connected
in series with one another.

9. The variable inductive reactor of claim 8 in which
an autotransformer connection is made into the series
windings.

L » K



	Front Page
	Drawings
	Specification
	Claims

